LOPES -LOFAR PrototypE Station (LOFAR -LOw Frequency ARray) is an array of dipole antennas used for the detection of radio emission from cosmic ray air showers. It is co-located and triggered by the KASCADE (KArlsruhe Shower Core and Array Detector) experiment, which also provides information about air shower properties like electron number Ne, muon number Nμ, azimuth and zenith angle. LOPES-10 (the first phase of LOPES, consisting of 10 antennas) detected a significant number of cosmic ray air showers with a zenith angle larger than 50 o , and many of those have very high field strengths. The most inclined event
Introduction
When a cosmic ray interacts with particles in the Earth's atmosphere, it produces a shower of elementary particles propagating towards the ground with almost the speed of light. The first suggestion that these air showers can produce radio emission was given by Askaryan [1] based on a charge-excess mechanism. Recently, Falcke & Gorham [2] proposed that the mechanism for radio emission of air showers is coherent geosynchrotron radiation: secondary electrons and positrons, produced in the particle cascade, are deflected in the Earth's magnetic field producing radiation that is relativistically beamed in the forward direction. The shower front emitting the radiation has a thickness which is comparable to a wavelength for radio emission below 100MHz (around few meters). The LOPES-10 experiment that detected radio emission from cosmic ray air showers [3] and the data reduction are described in detail by Horneffer et al. [4] .
Neutrinos are not very likely to interact within the Earth's atmosphere and produce air showers due to the very small cross section for interactions. The probability for interaction increases with the length of the path through the atmosphere, so the neutrinos that are most likely to trigger air showers are entering the atmosphere almost horizontally, possibly producing very inclined cosmic ray air showers. Inclined showers that start high in the atmosphere (initiated by protons, nuclei or gamma-photons) have a large electron deficiency on ground level compared to the nearly vertical showers, since they travel through several times longer distances in the Earth's atmosphere (large radius of the shower front curvature) and most of the electromagnetic particle component of those showers is absorbed. On the other hand, neutrino induced showers may be generated at any distance from the ground [7] and due to this they still have a significant number of electrons reaching the ground and their shower front curvature radius is relatively small. We should also mention that highly inclined showers are expected to be very well detectable in the radio domain [5] , [6] .
Detection of inclined showers
We found 2017 events with a zenith angle larger than 50 o detected in year 2004 by LOPES-10. There are 1913 triggers from the KASCADE detector for events with zenith angles between 50 o and 70 o and 52 have been detected in the radio domain, which is roughly 1 in 35. With the increase of the zenith angle, the number of triggers decreases and there are only 86 for zenith angles larger than 70 o . Out of those, 4 have been detected by LOPES-10. This detection rate is significantly higher than the average detection rate for LOPES-10, which is roughly 1 event detected in the radio domain per 1000 triggers received from the KASCADE detector. The reason is that inclined showers that manage to reach the ground after traveling long distances must have high energy primary particles.
If we introduce an additional condition: N μ >10 5 , we narrow the selection to 51 events and around 40% of those are detected in the radio domain. Seven of those events have a radio signal and reliable shower properties reconstructed by the KASCADE detector (KASCADE is not optimized for large zenith angles). As an example, we show here one of those events, detected in March 2004 with a zenith angle of 53.3 o and an azimuth angle of 54.3 o with roughly the same number of electrons and muons N e ≈N μ ≈1.5·10 6 . The angle between the shower axis and the Earth's magnetic field (geomagnetic angle) is 69.8 o . The energy of the primary particle is estimated by KASCADE to be around 10 17 eV. In Fig.1 (left panel) , we show the electric field as a function of time for each of ten LOPES-10 antennas after being corrected for geometric and instrumental time delay. The field is coherent at -1.825 μs, which is the arrival time of the shower. The incoherent noise afterwards is radio emission from photomultipliers. In this case it is very weak, indicating a low energy deposit in the photomultipliers and low electron number on the ground. The right panel of this figure shows the radio emission as a function of time after CC (cross correlated) -beam forming. This beam is formed in the following way: for a given direction, signals are corrected for a time delay between arrival of signals to each antenna. Then signals of all possible two antenna combinations are multiplied, summed and normalized to the number of antennas. LOPES-10 has also detected four events with zenith angles larger than 70 o , but due to the very high inclination, shower properties are impossible to reconstruct with the KASCADE detector. We show an example of such an event with a zenith angle of 77 o in Fig.2. In Fig.3 we notice that events that are detected by LOPES-10 (rhombs) have mostly large geomagnetic angles (more than 60 o ) and events with a reliable KASCADE reconstruction (stars) have smaller zenith angles. The correlation between radio detection and geomagnetic angle is in agreement with the theory of geosynchrotron origin of radio emission from air showers [2] and with results from [3] .
Geomagnetic field

Conclusions
While for the particle detector KASCADE sensitivity drops significantly towards larger zenith angles, so there is no well reconstructed event with z>60 o , that is not the case for radio detection. The most inclined cosmic ray air shower that has been detected with LOPES-10 has a zenith angle of almost 80 o . For a neutrino detection in the radio domain, it is crucial that the detector can see very inclined events and that it can determine the curvature radius of the shower front which is related to the distance to the shower maximum. In this paper, we show that the LOPES-10 array of dipole antennas can detect air showers coming from around 10 o above the horizon.
The radius of a shower front curvature for events detected by LOPES-10 is optimized by iteration until the intensity of detected coherent signal is maximal [4] . This can not be done accurately with LOPES-10, due to the relatively small baseline. However, this will be possible in the future with a large baseline radio telescope like LOFAR. Also, neutrino events are expected to be very rare, for example yearly neutrino rates for all different predicted fluxes, for an array of 3000km 2 are up to few per year [7] and a large baseline is crucial to increase the probability to reliably identify air showers initiated by energetic cosmic ray neutrinos.
